Purpose. To identify preoperative factors (including surgeon factors) associated with outcome scores after total knee arthroplasty (TKA). Methods. Medical records of 2848 patients (3458 knees) who underwent primary TKA by 27 orthopaedic specialists were retrieved. Three specialty knee surgeons who had one-year fellowship in TKA performed 1930 TKAs, and 24 general orthopaedic surgeons performed 1528 TKAs. Four of them (including all 3 specialty knee surgeons) were ultrahigh-volume (≥100 TKAs a year), and 21 of them were senior consultants (≥5 years post residency). At 2 years, 2922 (85%) of knees had complete followup data. Oxford Knee Score, Knee Society knee and function scores, and SF-36 quality-of-life score were assessed by independent physiotherapists before and after surgery. Outcomes were compared in terms of dichotomised specialty, seniority, and surgical volume of surgeons. Results. Comparing ultra-high-volume (≥100 TKAs
introduction
Total knee arthroplasty (TKA) is a cost-effective treatment for advanced osteoarthritis of the knee. 1 Its revision rate is <10% after 10 years and <20% after 15 years. 2 Complication rates were lower for hospitals and surgeons that perform >200 and >50 procedures High-volume hospitals and surgeons achieve better outcome scores. 4 A systematic review found an association between low-volume surgeons and worse outcomes, but it did not mention about surgeon training in relation to patient outcomes. 5 Increased hospital specialisation is associated with improved patient outcomes in terms of adverse events. 6 This study aimed to determine whether surgeon factors (especially surgeon's training) were associated with outcome scores after TKA.
MATERIALS AND METHODS
This study was approved by the institutional ethics review board. Medical records of 2848 patients (3458 knees) who underwent primary TKA by 27 orthopaedic specialists from January 2004 to May 2007 were retrieved from the national joint registry. Physiotherapy was standardised and consisted of early range-of-motion exercises and full weightbearing walking.
Three specialty knee surgeons who had one-year fellowship in TKA performed 1930 TKAs, and 24 general orthopaedic surgeons performed 1528 TKAs. Four of them (including all 3 specialty knee surgeons) were ultra-high-volume (≥100 TKAs a year), and 21 of them were senior consultants (≥5 years post residency). At 2 years, 2922 (85%) of knees had complete follow-up data. The remaining was lost to follow-up owing to financial or social reasons (n=536) or had died from various reasons (n=65).
Oxford Knee Score, 7, 8 Knee Society knee and function scores, 9 and SF-36 quality-of-life score 10 were assessed by independent physiotherapists before and after (6 months and 2 years) surgery. Outcomes were compared in terms of dichotomised specialty (specialty knee surgeons vs. general orthopaedic surgeons), seniority (senior vs. junior consultants), and surgical volume (ultra-high vs. lower) of surgeons. To account for correlation from the same surgeons performing the surgeries and for patients having multiple TKAs, a mixed model analysis was performed to compare the performance of the lower-volume specialty knee surgeons with general orthopaedic surgeons.
Other factors including patient age, gender, body mass index, Charlson comorbidity index, 11 and corresponding preoperative scores were also analysed for association with outcome scores. The Charlson comorbidity index was adjusted for age and translated from the International Classification of Diseases, Ninth Revision, Clinical Modification codes, according to Deyo et al. 12 Comparisons were made using the Student's t test or the Wilcoxon rank-sum test after checking for normality and homogeneity assumptions. A p value of <0.05 was considered statistically significant.
results
The specialty knee surgeons and general orthopaedic surgeons were similar in terms of gender, body mass index, Charlson comorbidity index, and preoperative scores, except that patients in the former group was older (67.4 vs. 66.8 years, p=0.04), had shorter length of hospital stay (6.1 vs. 6.5 days, p<0.01), and had worse preoperative Knee Society function score (48.4 vs. 50.1, p=0.01) and knee score (38.2 vs. 41.2, p<0.001) [ Table 1 ].
Comparing ultra-high-volume (≥100 TKAs per year) specialty knee surgeons with general orthopaedic surgeons, the former achieved better outcomes in terms of the Oxford Knee Score at 6 months, Knee Society knee and function scores at 2 years, and SF-36 scores at 6 months and 2 years. Comparing lower-volume (<100 TKAs per year) specialty knee surgeons with general orthopaedic surgeons, the former still achieved better outcome and quality-of-life scores, except for SF-36 Mental Component Score at 2 years (Tables 2 and 3 ). Younger patients, lower body mass index, male gender, lower Charlson comorbidity score, and better corresponding preoperative scores were other factors associated with better outcome and quality-of-life scores. discussion Specialisation of orthopaedic surgeries improves outcomes after adjusting for patient characteristics and procedural volume, but the outcome was based on complications rather than clinical and quality-oflife scores. 6 This hospital performs a mean of 1200 TKAs per year and is considered ultra-high-volume, according to Katz's definition. 3 In this series, the infection rate was 1.67%, and the revision rate was 0.78% at 3 years. To further improve outcome, specialty training was indicated. Specialty training improved outcome and quality-of-life scores. Mixed model analysis showed that specialty knee surgeons achieved better outcome than general orthopaedic surgeons after adjusting for surgeon volume. One probable reason is that specialty surgeons handled TKAs with severe malalignment and thus had better operative skills and intra-operative judgement. In this hospital, specialty knee surgeons spend up to one year in an overseas fellowship programme in renowned centres. This exposes them to more challenging cases and enables them to learn from highly experienced surgeons. Specialty knee surgeons focus on knee surgeries and are not involved with other types of orthopaedic surgery; it is difficult for general orthopaedic surgeons to be equally competent in all subspecialty fields. 13, 14 Specialty knee surgeons have special interests in postoperative pain control and analgesia, which facilitates rehabilitation. 15, 16 Specialty knee surgeons may have better patient-physician communication skills specific to TKA patients. This may lead to better patient selection, communication, and motivation, as compared to high-volume general orthopaedic surgeons who perform assembly-line surgery.
Preoperative scores have significant impact on postoperative outcome. Better preoperative Knee Society knee and function scores are associated with better lower limb strength and thus facilitate rehabilitation. The advantage conferred by better preoperative scores may be neutralised after years of intensive rehabilitation, but elderly patients are not likely to comply with intensive physiotherapy. Carer and home support may improve compliance and rehabilitation. More motivated carers may be more effective in encouraging early range-of-motion exercises and ambulation. Patient motivation may also affect outcome.
The Charlson comorbidity index incorporates age and medical conditions. Age correlates with muscle mass and motivation for rehabilitation and thus outcomes. Diabetes is associated with postoperative knee stiffness. 17 Complications such as infection and implant loosening and wear were not addressed in this study; longer follow-up is necessary. 
